The reaction between anodic aluminum oxide and several passivating solutions of citric acid and ammonium dihydrogen phosphate (ADP) is studied by capacitance measurements. In addition, the passivating effect of the above solutions has been evaluated by the reaction of the oxide with pure boiling water and subsequent anodizafion.
INTRODUCTION
The reaction between anodic aluminum oxide and water has been widely studied by Hunter et al., Bernard and Randall 2 and Vermilyea and Vedder. 3 It has been suggested from these investigations that the mechanism of this reaction should be very similar to that between aluminum and water since the kinetics of growth of the hydroxide is similar in both cases. Vedder and Vermilyea 4 have proposed the following steps for the reaction between aluminum and water: (i) formation of an amorphous oxide, (ii) solution of the oxide, and (iii) precipitation of the aluminum hydroxide. Therefore, in the reaction between aluminum oxide and water it should be expected that only steps (ii) and (iii) will occur. (with reference to the state of the oxide after anodising) in the 1-hour reaction with deionized boiling water for samples which had been soaked in the ammonium phosphate and citric acid electrolytes.
The passivating effect of the ADP solution can be clearly appreciated from curve (a) and it may be attributed to the presence of phosphorus on the surface. 3 Auger electron spectroscopy measurements carried out in our laboratory confirm this assumption.
The presence of the citrate ion in the ADP solution in increasing amounts rapidly diminishes the passivating capability of the electrolyte as can be observed from curve (c). The citrate ion by itself does not exert any passivating effect since in this case (curve b) the percentage of oxide removed is very similar to the case in which the samples are not treated or only immersed in hot water.
The above results are in agreement with those obtained from the reoxidation curves of the samples after having reacted with the boiling water. Figure 3 shows for some of the samples the variation of the voltage during the reoxidation at a constant current (8 REANODIZATION TIME (sec)
Reanodization curves for passivated samples after the reaction with boiling water.
and more as the citric acid concentration increases (compare curves B and C with curve A in zone III).
The conclusion that can be established from this work is than an immersion in an aqueous solution of ADP exerts a truly passivating effect on the aluminum oxide surface, inhibiting its reaction with water. The presence of citric acid in the above solution decreases its passivating effect giving rise to an attack of the oxide's surface with the formation of small amounts of aluminum hydroxide. Finally, the treatment in a citric acid solution causes the formation of some hydroxide (less than would form in water) and an attack to the oxide's surface. It is difficult at this moment to give a more detailed explanation of these results. For this, it would be necessary to carry out a more profound study in order to elucidate the mechanisms of the reaction between aluminum oxide and water in the presence of the combined action of ions such as the phosphate and citrate ions.
